Background: Ankle impingement is a clinical condition of chronic and painful limited range of joint movement. It presents a significant clinical concern athletes and young population.
Introduction
ANKLE impingement is defined as entrapment of one of the anatomic structures in the ankle that leads to pain and decreased range of motion. Ankle impingement syndromes are now increasingly recognized as a significant cause of chronic ankle pain. The diagnosis of these conditions is of special importance in athletes and young populations, The diagnosis of ankle impingement is primarily a clinical diagnosis with imaging is needed to provide the supporting evidence of diagnosis and point to the causative impinging factor. Different imaging modalities, including plain radiography, Computed Tomography (CT), Ultrasonography (US) and Magnetic Resonance Imaging (MRI) can be used with variable strength and weakness relative to the limitations of each modality [2-7] . Magnetic resonance imaging is superior for detection of soft tissue abnormalities, while plain radiography and CT are superior for detection of bone abnormalities. Magnetic resonance imaging is considered by some as the modality of choice with successful interpretation of both bone and soft tissue (capsule, ligaments and synovium) abnormalities. Intra-articular contrast injection (arthrography) followed by CT or MR imaging has also been described as a helpful diagnostic tool allowing better distension and hence evaluation of ankle compartments and recesses [8] [9] [10] [11] .
There is a higher demand these days for US implementation in the diagnosis of various musculoskeletal pathologies and guided joints injection [2, [12] [13] [14] [15] [16] [17] . The purpose of our work is to study the value of US in the diagnosis of soft tissue and bony ankle impingement, using combined plain radiography and MRI as a reference for diagnosis.
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Patients and Methods

Patients:
The study is observational analytic, included 20 patients (8 male and 12 female), age range: 22-64 years, mean age: 35.1 years. The inclusion criteria are patients suspected to have ankle impingement by clinical examination and confirmed by combined review of plain X-ray and MRI. The patients were referred from Kasr Al-Ainy Hospital Outpatient Department, they underwent ankle US at the Radiology Department, Kasr Al-Ainy Hospital, Cairo University; during the time period: January to June 2019. The study excluded cases with ankle surgery. The study has been approved by the "Ethical Committee of Faculty of Medicine, Cairo University", in compliance with Helsinki Declaration and all patients signed a formal concent.
Imaging protocol:
US examination: The used machine was Toshiba Ultrasound Aplio 500; Toshiba Medical, Japan, using the 18MHz linear probe. For each patient, 2D grey scale, color and power Doppler in different planes was done as well as dynamic examination. Scanning of the other ankle was done when needed to compare the symptomatic ankle to the contralateral normal side. Excess gel was used instead of the gel pad. The radiologist who performed the US examination was blinded to the plain radiography and MRI findings.
MRI: Was performed using: Philips Achieva; Philips Medical Systems, The Netherlands, (1.5 T). Ankle coil was used. Every patient lied supine with the ankle and foot in neutral position. No movement was allowed during examination by supporting the ankle using pads.
Imaging interpretation:
For each patient, the plain X-ray and MRI findings were reported independently by one musculoskeletal radiologist (10 years experience) and the US was done by another musculoskeletal radiologist (10 years experience). Each radiologist reported the patients' images while blinded to the other's findings. The combined plain X-ray and MRI findings were considered the reference for US findings. The diagnosis of impingement was classified according to the anatomical compartments into: Anterior, anterolateral, anteromedial, posterior and posteromedial. The impingement was categorized according to the underlying impinging factor as bony or soft tissue impingement. The results of US diagnosis were used to calculate a p-value.
Statistics:
Data were coded and entered using the statistical package SPSS (Statistical Package for the Social Sciences) Version 25. Data was summarized using mean, standard deviation, median, minimum and maximum in quantitative data and using frequency (count) and relative frequency (percentage) for categorical data. For comparing categorical data, Chi square (x 2 ) test was performed. Exact test was used instead when the expected frequency is less than 5. p-values less than 0.05 were considered as statistically significant.
Results
The study included 20 patients. The combined review of plain X-ray and MRI showed that 8 patients had impingement at single anatomical compartment while the rest 12 (60%) had impingements at more than one compartment. The total number of compartments impingement was 40. The observed impingements were categorized according to the underlying etiological factor into 18 bone Fig. (1) and 22 soft tissue Figs. (2,3) impingements at their corresponding anatomical compartments ( Table 1 ). The most commonly involved anatomical compartment is the posterior. The underlying bone and soft tissue impinging factors are listed in (Table 2) .
For the included ankle impingement cases, US could detect 11 out of 18 bone impingements (p-value=0.011) and 21 out of 22 soft tissue impingements (p-value=0.005). 
Discussion
Ankle impingement is described as chronic painful limited range of joint movement. It is increasingly raised as a clinical condition of potential morbidity in young athletes. Most of the cases are secondary to trauma, which may be in the form of repetitive microtrauma or a memorable trauma incident. Trauma may result in a non-united or malunited fracture, ligament or capsule injury which later heal by fibrosis. On the other hand, impingement may be caused by developmental bone abnormalities like non united ossific centers (Os trigonum) or may be attributed to degenerative joint disease and bone spurs or may be secondary to a synovial pathology [2] .
In our study, most (60%) of the included patients had multi-compartmental impingement. There was a slight predominance of soft tissue impingement over bone impingement. In bone impingement cases, posterior compartment was the most commonly involved ankle compartment, while in soft tissue impingement, both posterior and anterolateral compartments were equally involved, followed by posteromedial compartment. The most common impinging factor in the presented cases was synovial abnormalities in soft tissue impingement and bone spurs in bone impingement.
Most of the reviewed literature emphasized the role of MRI and its superior soft tissue contrast resolution in ankle impingement, while fewer studies discussed US. We believe that US cannot replace MRI as a diagnostic tool, but being a widely available imaging modality, it can save time and cost and it allows dynamic imaging as well [18] [19] [20] .
Our results showed that US is a good diagnostic tool in bone and soft tissue impingements with significant p-values 0.011 and 0.005 respectively. In other studies, US was successful in detection of 100% of soft tissue anterolateral and posteromedial impingement cases [13, 21] . Ultrasound can also be helpful in detection of other abnormalities that may mimic symptoms of impingement or may even co-exist rendering treatment ineffective. These abnormalities may include tendinopathy, tenosynovitis, enthesitis, bone spurs.
The main limitation of our study is that our results (p-value for US) are collectively for all the included ankle compartments. Studying the role of US for each anatomical compartment and including larger number of cases with addition of dynamic imaging is further planned for our next research work.
Conclusion:
Ultrasound is a helpful diagnostic tool in cases of bone and soft tissue ankle impingement.
